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LHCb
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LHCb dataflow in Run 3
[CERN-LHCC-2014-016] [FIGURE-2020-016]
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Upgrade Trigger and Online TDR  

Upgrade Computing Model TDR

EVENTS

Versatile two-stage trigger
1 GPU-based trigger

Ü Calibrate in real time
2 Full reconstruction in software trigger

Ü 10 GB/s output

All software based
on Gaudi
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TURBO
[P. Koppenburg, LHCb-FIGURE-2019-010]

We perform a full calibration in real
time. The output is ready to be used
for physics.

Plenty of collision events discarded, while the interesting are kept.
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TURBO
[P. Koppenburg, LHCb-FIGURE-2019-010]

We perform a full calibration in real
time. The output is ready to be used
for physics.

TURBO stores only the information needed for the analysis
Ü Huge savings in time and cost
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LHCb dataflow in Run 3
[FIGURE-2020-016]
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LHCb analysis model

[B]
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Workflow for typical Run 3 analysis
1 Obtain Tuples from analysis production

job Ü Slide
2 Refine candidates Ü will be > 1010 for

charm
3 Fit distributions of interest Ü Slide
4 Determine efficiencies on simulation

weighted by common calibration samples
5 Run pseudoexperiments to properly assess

uncertainties Ü Slide
Always: Make sure analysis is preserved and
reproducible

Use conda to get shared analysis environment Ü Chris Burr
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Analysis productions

[B]

Analysis
productions web

interface
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Analysis productions

[B]

Analysis
productions web

interface

Use JSROOT for allowing the output of test produc-
tions to be browsed.
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Ntuples for analysts “FunTuple”

[B]

[Ferillo, LHCb-PROC-2022-004]

1 Access exactly the information that is used in Hlt2 and sprucing
Ü Use same functors

2 Have a fine granularity
Ü The user defines variables one-by-one

Our Tuples are essentially flat
Now use TTree. Would love to try RNTuple!

3 Be smart at configuration time
Ü Use Gaudi::functional
Ü Put all intelligence in python (e.g. classes that generate lists of functors)
Ü C++ should just ship data around
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LHCb analysis model

[B]

Sebastian Neubert and Mindaugas Sarpis

Lb2LcD*K snakemake 
workflow DAG

10

Snakemake can 
submit the 
parallelized workflow 
to cluster systems 
with shared 
filesystem or to 
Kubernetes based 
cloud computing

Example
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LHCb analysis model

[B]

Sebastian Neubert and Mindaugas Sarpis

Lb2LcD*K snakemake 
workflow DAG

10

Snakemake can 
submit the 
parallelized workflow 
to cluster systems 
with shared 
filesystem or to 
Kubernetes based 
cloud computing

Example

Fits: Most users use RooFit from
python, but others use in-house

plus standard python tools

sPlot
(RooStats)
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Innovative Analysis Techniques

[B]

D. Lucchesi [indico]

aka everything beyond RooFit.
GPU resources usage in analyses:

DNN for b- vs c- jet tagging, Cineca Bologna
Zfit and likelihood inference, Zürich
DNN and ultra-fast simulation Florence
Amplitude Analyses, Aix Marseille, CNRS/IN2P3
Charm Analyses, Manchester
Amplitude Analysis of Λ0

b, Tsinghua
ϕs , Santiago

Analyses usually done on local facilities. Availability of clusters defines
implementation choices.

Ü Use of the powerful Hlt1 GPU farm is considered
Quantum Computing applications to HEP (Padova, CERN,
Maastricht. . . ) [Gianelle et al., arXiv:2202.13943]
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C
on

cl
us

io
n The LHCb detector has undergone a major upgrade

Most analyses will be based on triggered candidates
Ü Share of on- and offline software

Analysis workflows will change to cope with the high rate
Many developments to exploit GPUs

Ü And thinking about quantum computing

Contact: [ @pkoppenburg] [patrick.koppenburg@nikhef.nl]
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Backup
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Steps to Analysis Facilities

[B]

D. Lucchesi [indico]
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LHCb analysis model

[B]

Sebastian Neubert and Mindaugas Sarpis

Workflow could be deployed to REANA to check it works.
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Operations Statistics Run 3
Quantity unit Run 1 Run 2 UTDR 2022 Tot/Avg
Peak Luminosity Lpeak µb−1/s 480 447 2000
Average Luminosity Lavg µb−1/s 298 268 2000
Seconds of running t 106 s 10.5 20.0 5.0
Integrated luminosity

∫
Ldt fb−1 3.2 6.4 5.0

Bunches Nb 1320 2193 2808
Energy E TeV 8 13 14
Inelastic cross-section σinel mb 66 77 80
Charged multiplicity dNch

dη 6 6
bb cross-section (acc.) σbb µb 79 144
pp interactions/BX µ = Lσinel

fLHCNb
1.32 0.83 5.07

Non-empty rate fLHCNb(1− e−µ) MHz 10.8 14.0 31.4
Avg. MB rate σinelLavg MHz 19.7 20.7 160.0
Peak particle flow dNch

dη σinelLpeak 106 189 207
Irradiation dNch

dη σinel
∫
Ldt 1015 1.3 3.0

bb yield σbb
∫
Ldt 109 254 922

Output rate λHLT kHz 3.7 6.6 10.8
Stored events (bkk) λHLTt 109 39 133 54
Event size Sev kB 56 56 61
HLT B/W SevλHLT MB/s 212 371 659
Total storage SevλHLTt EB 2.2 7.4 3.3

TDR values for 1 typical year of running
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LHCb Trigger in Run 2
[JINST 14 (2019) P04013, arXiv:1812.10790]

Ü

Ü

40 MHz bunch crossing rate

450 kHz 
h±

400 kHz 
µ/µµ

150 kHz 
e/γ

L0 Hardware Trigger : 1 MHz 
readout, high ET/PT signatures

Software High Level Trigger

12.5 kHz (0.6 GB/s) to storage

Partial event reconstruction, select 
displaced tracks/vertices and dimuons

Buffer events to disk, perform online 
detector calibration and alignment

Full offline-like event selection, mixture 
of inclusive and exclusive triggers

LHCb Run 2 Trigger Diagram
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Disk buffer usage
to 28/11/2017

Events are buffered on disk (10 PB) while
calibrations are being run.

Ü Offline-quality trigger objects
available for analysis.
Disk Ü more CPU. The full
reconstruction can also be run during
LHC downtime.
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Charged multiplicity at
√

s = 13 TeV
[LHCb, JHEP 01 (2022) 166, arXiv:2107.10090]
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Charged multiplicity at
√

s = 13 TeV
[LHCb, JHEP 01 (2022) 166, arXiv:2107.10090]

This paper cites all high-level soft-
ware used in the analysis. Why
don’t we always do this?
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